Abstract. Half-wavelength AC transmission (HWACT) is an ultra-long distance AC transmission technology, whose electrical distance is close to half-wavelength at the system power frequency. Due to the excellent transmission capacity, stability control device must be installed in HWACT system. But the characteristics of the voltage and current of half -wavelength transmission line under fault condition are different from the characteristics of the ordinary short line. Its distributed-parameter characteristics are notable. So it is necessary to study the adaptability of the fault trip criterion for traditional lines to the HWACT lines. Simulation of the transmission line under fault condition was conducted in this paper based on the Bergeron model and adaptive analysis of fault trip criterion in stability control device for half-wavelength line was given. The results show that the fault trip criterion for traditional lines can't be well applied to half-wavelength line. New fault trip criterion needs to be proposed to keep the safe operation of half-wavelength transmission line.
Introduction
Half-wavelength AC transmission (HWACT) technology refers to the ultra-long-distance three-phase AC transmission technology whose electrical distance is close to half-wavelength at the system power frequency, that is, the distance is about 3000 km [1] [2] [3] . Compared with the traditional UHV lines, UHV transmission lines with half-wavelength have significant economic and technological advantages, such as the entire line without the need to install any shunt reactors for reactive power compensation, the excellent voltage stability of both sending and receiving ends, no installation of switching stations across the line and so on. In recent years, with the development of UHV transmission lines and the construction of the global energy internet, the half-wavelength AC transmission technology has received extensive attention from experts and scholars all over the world. It is of great scientific value and potential application prospect to study the operation characteristics of the transmission line in the half-wavelength AC transmission system which can contribute to the application of this technology in the future and promote the rapid development of the global energy internet.
The UHV half-wavelength AC lines have ultra-long transmission distance and great transmission power capacity. The normal operation and fault characteristics of the lines are quite different from the conventional UHV lines. Once any failures occur, a significant power gap is brought to the receiving grid followed by lots of stability problems. Thus it is necessary to introduce stability control device to accurately identify the type of failure and conduct corresponding stability control strategy, which is of great significance to ensure the grid in good running condition [4] .
In this paper, firstly, the theoretical basis of half-wavelength transmission line is explained by distributed parameters. Then the Bergeron line model was selected to build the UHV transmission system with half-wavelength line in the PSCAD X4 simulation software. The simulation of the fault characteristics of a two-terminal equivalent power supply system with half-wavelength transmission line interconnection is carried out. On that basis, the adaptability of the existing fault trip criterion of the stability control device to the half-wavelength line is analyzed. The results show that the existing fault trip criterion in the stability control device can't be well applied to half-wavelength transmission lines. It is necessary to construct a new stability control fault trip criterion for half-wavelength transmission line to meet the operational needs [5] .
Half-Wavelength AC Transmission System Model

Theoretical Basis
The distance of half-wavelength transmission line is 3000 km. There are significant differences on time and spatial scales between this ultra-long-distance high-capacity transmission line and common medium-distance UHV transmission lines. The fault analysis method for the half-wavelength transmission line based on the concentration of parameters is no longer applicable, while the distributed parameter model is better for analysis.
According to the parameter line model of half-wavelength transmission line, the voltage and current of the line satisfy the following equations:
If the voltage and current of the receiving end are given, the relationship between the fundamental voltage and current at two arbitrary points of a three-phase transmission line can be expressed in hyperbolic functions as follows [6] :
Where ܷ ሶ ଶ , ‫ܫ‬ ሶ ଶ are the voltage and current of the transmission line end, ܼ the characteristic impedance of the transmission line, ߛ the propagation constant and ݈ the length of the entire line.
Model and Parameters
It is necessary to select the appropriate electromagnetic transient model in the simulation process in order to accurately simulate and analyze the electrical characteristics of the half-wavelength transmission line under fault condition. Equivalent circuit models that can be used to equal half-wavelength transmission lines in PSCAD are the π-type equivalent circuit model and the Bergeron model.
Bergeron method is based on the principle of wave process, in which the distributed parameter element is equivalent to a lumped parameter element in order to calculate the wave process on the line [7] . The resistance in the Bergeron model is expressed as a lumped parameter. The inductance and capacitance are represented by distributed parameters. It can be regarded as an infinite series of π-type equivalent models series equivalent so it can better reflect the distributed characteristics of the half-wavelength transmission line. It is sufficient enough to use this model to simulate the fault condition of half-wavelength line.
The UHV transmission system model with half-wavelength line is built in PSCAD X4 simulation software. The simulation model is shown in Fig.1 . Figure 1 . half-wavelength transmission system model.
The model adopts two-terminal power supply operation mode and the two infinite equivalent power supplies are connected by half-wavelength transmission line. The length of the line is set to 3000 km and the transmission line is made up of two Bergeron line models T1 and T2. The parameters of the line take a reference to "1000kV Jindongnan-Nanyang-Jingmen UHV AC pilot demonstration project", as is shown in Table 1 . The voltage of both sides is set to 1000 kV and the system impedance satisfies:ܴ = ܴ = 1Ω, ‫ܮ‬ = ‫ܮ‬ = 0.1H. It can be known from the table above that the wave impedance of the half-wavelength transmission line is 253.39-j4.2639Ω, the natural power ܲ is 3950 MW at 1000 kV, the propagation constant ߛ = ߙ + ݆ߚ is 0+j0.001074, the wavelength is 5849 km and the exact half-wavelength is 2924.5 km.
Simulation of Half-wavelength Transmission Line Fault
Based on the analysis above, the condition that different types of faults occur at different points of the half-wavelength transmission line and the circuit breaker on both sides of the line is not tripped are considered. The faults are calculated by PSCAD simulation software every 100 km. Figure. 2, Figure. It is difficult to judge whether any faults occur in the line just depending on the amplitude changes. When the fault occurs near the end of the line, there will be obvious over-voltage and over-current. Especially when three-phase grounding fault occurs, the amplitude of voltage increases up to 2.4p.u and the current increases up to 27p.u.
Single-phase Grounding Fault
Adaptive Analysis of Fault Trip Criterion in Stability Control Device for Half-Wavelength Line
In the traditional ultra-high voltage lines, the fault trip criterion in stability control device is mainly used to judge single-phase short-circuit fault and phase-to-phase fault. Fault identification of the trip uses the comprehensive identification method where electrical quantity criterion and the protective relay action signal (or switch position signal) are combined. At present, most of the fault trip criterion in practice includes three aspects: abrupt start-up, voltage drop and the same phase current increase and fault trip signal. If there is at least one phase voltage drop in the fault and the same phase current is increased, also only one phase trip signal (or position signal) is detected within 15 ms, the fault is classified as a single-phase transient fault. If there are at least two phases in the event of voltage drop and the same two-phase current increases, while a two-phase trip signal (or position signal) occurs in the reclosing time, then the fault is classified as a phase-to-phase fault. If the phase-to-phase fault condition is not satisfied, but at least one phase voltage decreases and the same phase current increases with a two-phase trip signal (or position signal)detected, then the fault is classified as a single-phase permanent fault [8] .
For UHV half-wavelength AC transmission lines, when a single-phase fault occurs and the distance from the fault point to the bus is within 0-600 km, it can be learned from Fig.4 and Fig.5 that at least one phase of the line voltage decreases and at least one phase current increases. If there is only one phase trip signal and no other phase trip signals are identified within a certain period of time, the traditional UHV line stability control device fault trip criterion can still determine the single-line fault. When the distance from the fault point to the bus is in the range of 600-2000 km, the bus voltage and current amplitude are not very different from the normal operation state, thus the fault won't be judged accurately by the stability control device. When the fault occurs in the distance of 2000-3000 km, the fault voltage and current of the bus line will increase rapidly, the traditional fault trip criterion will totally not work at this moment.
When a two-phase short-circuit fault occurs in a half-wavelength line, if the fault distance is within 0-600 km, at least two phase voltage will drop and at least two phase current will increase. If there is a two-phase trip signal and the time difference between the two-phase trip signals is less than the reclosing time, the fault trip criterion of the stability control device for traditional UHV lines can still judge the two-phase short-circuit fault. But things change when the fault distance is in the range of 600-2000 km, the bus voltage of the sending end will not be significantly reduced and the current will not be significantly increased, which will lead to the failure of the traditional fault trip criterion. When the fault distance is within 2000-3000 km, the bus voltage will increase rather than decrease, the fault trip criterion for traditional lines will not work as well.
When a three-phase short circuit occurs in a half-wavelength line, the situation is similar to single-phase and two-phase fault. If the fault occurs near the bus, three-phase voltage will suddenly decrease and the current will suddenly increase correspondingly. If the three-phase trip signal is detected or the three-phase circuit breaker position changes at the same time, the fault trip criterion of stability control device for the traditional UHV line can still identify the fault accurately. But the criterion will fail if the fault occurs far from the bus.
In summary, the characteristic of distributed parameters of the half-wavelength transmission line is obvious because the line length is too long. The fault trip criterion of stability control device for traditional UHV lines can still identify the fault type accurately by means of relay protection contact signal when the fault occurs near the bus. But if the fault occurs far away from the bus, the fault trip criterion will not be applicable. New fault trip criterion needs to be proposed under this circumstance.
Conclusions
In this paper, a 1000 kV UHV transmission system model is built in PSCAD to simulate the fault condition of the half-wavelength transmission line. Adaptive analysis of fault trip criterion in stability control device for half-wavelength line is given. The conclusions are as follows:
a) The voltage and current under fault condition in half-wavelength transmission line have significant fluctuations, which is non-linear and non-monotonic and quite different from the conventional short line. b) For faults occurring near the bus, the fault trip criterion of stability control device for traditional UHV lines can still identify the fault type accurately. If the fault occurs far away from the bus, the fault trip criterion will not work. c) New fault trip criterion needs to be proposed to satisfy the operation needs of half-wavelength transmission system.
